It is demonstrated that a diagnostic PCR for Borrelia burgdorferi can be inhibited in the presence of more than 500 ng of host (monkey skin) DNA. The inhibitor is the host DNA itself. An acceptable value for analytical sensitivity can be obtained by diluting the skin-B. burgdorferi proteinase K lysate to a level below the inhibitory concentration of the host DNA. Dilution of the lysate may obviate the need for further DNA purification.
inconsistent results when assessed by the PCR procedure described above. This was surprising, for the analytical sensitivity of our procedure allowed us to reproducibly detect 10 fg of B. burgdorferi DNA (not shown).
Therefore, we assessed the possibility that skin components were inhibiting the PCR. We added whole spirochetes (10 6 to 10 2 ) to 10-mg skin samples and subjected both to the DNA purification protocol. Only the positive control sample, containing 10 4 spirochetes and no skin, yielded an amplicon that was detectable on an ethidium bromide-stained agarose gel (results not shown). Increasing the Taq polymerase concentration from 2 to 4 U per reaction tube, the primer concentrations fourfold, or the Mg ϩ concentration from 1.5 to 6.5 mM in increments of 1 mM had no effect. We also found no evidence of residual proteinase activity (from skin proteases or the proteinase K used to digest the skin) in extracted DNA, as assessed with Azocoll (Sigma, St. Louis, Mo.), an insoluble protein-dye conjugate (1) . To evaluate the possible inhibitory effect of skin DNA or RNA on the PCR, decreasing amounts of monkey skin nucleic acids from 2 g to 250 ng were added to the reaction tubes. Each tube contained 10 pg of B. burgdorferi DNA as the template. The PCR was run as described above. If more than 500 ng of monkey skin nucleic acids was included, the amplicon was not detectable on an ethidium bromide-stained agarose gel. In contrast, the addition of 500 ng or less did not seem to affect the intensity of the amplicon band (Fig. 1) . To determine if the inhibitory effect was due to skin DNA or RNA, DNase I (Sigma) was added at a concentration of 0.4 g/ml to tubes containing an inhibitory amount (1 g) of skin nucleic acids. RNase A (Sigma) was also added to some of the tubes at a working concentration of 0.5 g/ml. Tubes were incubated in the presence of the enzyme(s) for 1 h at 37ЊC and then boiled for 1 h to denature the DNase I. The inhibition caused by the addition of monkey skin nucleic acids was abrogated when DNase I was added to the preparation; RNase A did not have any demonstrable effect (Fig. 2) .
Having thus confirmed that skin DNA was the PCR inhibitor, we sought to simplify the diagnostic procedure by circumventing the skin (with or without B. burgdorferi) DNA purification step. A 20-mg skin biopsy specimen was digested overnight in 0.2 ml of a 0.1-mg/ml proteinase K solution in lysis buffer at 50ЊC and then boiled for 10 min to denature the proteinase K and spun for 3 min at 800 ϫ g to sediment particulate material. A 10-l aliquot was removed and diluted 1:20 with distilled water. A 20-l aliquot of the diluted sample was then used as the template for the PCR. Since monkey skin contains a median amount of 4.25 g of DNA per mg of skin (our unpublished data), this volume of the diluted template solution contains about 400 ng of skin DNA, a noninhibitory amount. The sensitivity of this procedure was shown in a reconstruction experiment in which decreasing amounts of B. burgdorferi DNA were added to 20-l aliquots of the diluted skin lysate. An amount of 100 fg of added DNA was detectable consistently, but as little as 1 fg can be detected, barring stochastic effects (Fig. 3) . To partly compensate for these effects, we routinely amplify three 20-l aliquots of each diluted skin lysate. Since the DNA contained in the 20-mg skin sample is diluted 200-fold, the procedure should be able to detect 200 fg of B. burgdorferi DNA per skin sample. If, by analogy with Borrelia hermsii, the number of copies of the genome and plasmid complement of B. burgdorferi is 13 to 18 (3), then the analytical sensitivity of the procedure is 10 spirochetes.
We have shown that a diagnostic PCR can be inhibited if the amount of host DNA exceeds a certain threshold value. For our system, this value is calculated as follows: 500 ng Ͻ X Յ 750 ng, where X is the amount of host DNA (Fig. 1) . The same type of inhibitory effect was also demonstrable when 5 g of monkey skin DNA was added to a lambda bacteriophage primer-template combination (results not shown). Since the particular threshold for each system may not be known, the phenomenon may be ignored altogether and may lead to falsenegative, at times inexplicable, results. The problem was solved satisfactorily in our study by diluting the host DNA sample to a level below the threshold value. Because of this mandatory dilution, it may not have been necessary to purify the hosttemplate DNA from the skin lysate, thus improving the ease of use of the procedure. It is perhaps pertinent that an increase in the sensitivity of their PCR was noticed by von Stedingk et al. (12) at higher dilutions of skin DNA samples, a result achieved empirically by these authors but not investigated further.
A possible explanation for the observed phenomenon is that host DNA is able to competitively inhibit primer-template hybridization when the host DNA is present at a high concentration. A stretch of DNA of only 25 to 30 bp, the length of most PCR primers, is likely to bear more than 50% identity with some of the many primate (human or monkey) DNA sequences available in databases. For example, identities found for several primers were 78% for Ly 991 (used in our study), 87 and 70% for primers OspB-1411 and OspB-1110, respectively, for outer surface protein B of B. burgdorferi, and 80% identity for primer Fla 107 (flagellin) (6) . These levels of identity are obviously insufficient to result in a spurious amplicon. On the other hand, the half-life of mismatched duplexes may be long enough to temporarily ''distract'' the primers or the template so as to significantly lower the reaction rate of the PCR. Alternatively, the inhibition may occur quite regardless of these levels of identity as a simple consequence of a decrease in the rate of diffusion of all macromolecular components of the 
